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SPACE PHOTOGRAPHY FOR THE GEOGRAPHICAL STUDY 

OF THE EARTH 

B. V. Vinogradov 

ABSTRACT 

The article presents a historical review of the various 

These include photographs taken means of space photography. 

from research rockets (V-2, Vi4king, Aerobee), spacectaft 

(Mercury, Vostok, Voskhod and G e m i n i )  and artificial Earth 

satellites (Tiros, Nimbus). 

The author points out that the quality of the photographs 

is not as high as it could be, because none of the space vehi- 

cles was especially designed to photograph the surface of the 

Earth; this task w a s  only an additional operation in the flight 

program. 

Space photography is a method of recording the Earth's magnetic /101* 

field by photographing it from vehicles flying beyond the Earth's atmosphere. 

Already available is a considerable number of space photographs of various ter- 

restrial landscapes whose identifiable characteristics vary with the particular 

space vehicle and the photographic equipment used, the sensitivity of the 

*Numbers given in margin indicate pagination in original foreign text. 
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Figure 1. Areas covered by usable photographs. Photographs: a, from 

research rockets  including nonorbital  Mercury f l i g h t s ;  b, from Mercury 

spaceships and c, from Tiros  I, I11 and IV satel l i tes  (ref.  22). Usable 

space photographs axe those t h a t  represent  an image of t h e  Earth surface 

from clouds not too oblique and with i d e n t i f i a b l e  tona l  var ia t ions .  

photographic films, t h e  a l t i t u d e  and d i rec t ion  of t h e  op t i ca l  survey axis, t h e  

i l luminat ion of t he  Earth 's  surface,  the absence o r  presence of an overcast  a t  

t h e  t i m e  of t he  photography and, f i na l ly ,  t h e  method of t ransmi t t ing  t h e  image 

t o  the  Earth.  I n  some areas of geographic research, such as climatology and 

oceanology,the space photographs have a l ready  found p r a c t i c a l  appl icat ion,  w h i l e  

i n  others ,  such as geology and biogeography, t he  methods f o r  t h e i r  e f f ec t ive  

u t i l i z a t i o n  a r e  s t i l l  under invest igat ion.  Almost every type of terrestrial 

landscape from the  Arctic t o  t h e  t rop ics  has been photographed from space ( f i g .  1). 
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This facilitates the first general conclusions on the possibilities and methods 
of developing space photography for the study of the Earth's geography (refs. 2-4, 
6 ,  20, 22, 28 and 29).  

Technical Aspects of Space Photography 
The flight conditions of the rocket or satellite, the method of transmitting 

the image to the Earth, stability, periodicity and frequency of the photographic 
process play a particularly important part in space photography. A l l  space 
nLn+rrn....-,-Lr. -e,-- +Le--*--- L^ a:*-:a-a :-Î  y l l v u v g s a p r w  m y  uALc.l.c.l.u.l.c u c  U I V I U C U  J.lllrU tlra-ee groups accor&ig to tile ueti1ods 

and facilities of their production: 

2--photographs taken from orbital spaceships which deliver the pictures to the 

Earth, and 3--photographs taken fram satellites regularly transmitting the images 

to the Earth through television channels. Information on,Earth's surface may be 
transmitted in the form of photographs, television images, geophysical datal and 

visual observations2 (. 

1--photographs taken from research rockets, 

the 

'Sensitive receivers are  capable of picking up the Earth's radiation on various 

wavelengths, from ultraviolet to radar. 
than the photosensitivity of the photographic materials, on the one hand, and 

it can be localized in any narrow optimum image area, on the other. Ttus the 
measurement of a reflection in thermal waves is designed to produce information 

on the temperature differences of the Earth's surface reflecting the actual 
characteristics of the surface formations, and the lithological composition 

and humidity of the surficial deposits (refs. 7, 14). 
survey is an important supplement to photography, as it makes it possible to 

continue the observation of the Earth's surface at night. 
is limited to the traditional methods of surface photography. 

2Visual space observations are also made in addition to those listed above. 

should be pointed out, without denying their value, that such observations, 

whether made by the naked eye or the use of various optical instruments, are 

limited as compared to the employment of photographic sensors. 

observations of the Earth, however, were made by astronauts V. F. Bykovskiy, 
G. Cooper, A .  A .  LeInov, etc. and yielded some valuable information (the vari- 

colored water in the Bahama Islands area, the smog distribntioa in z1ie San Diego 

area, ctc. ) before it could be learned from the photographs (refs. 20 and 23). 

This waveband is considerably broader 

Furthermore, the infrared 

This review, however, 

It 

Successful visual 
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Space photographs of t h e  Earth taken from research rockets  

The first space p i c tu re s  of t he  Earth w e r e  taken of the White Sands /102 
proving Ground (New Mexico, U.S.) i n  1945 from a V-2 rocket  from an a l t i t u d e  of 

120 kilometers (ref. 28). 

21 and 26), designed t o  photograph the Earth, w e r e  launched from that proving 

ground i n  1946-1958 (that i s ,before  t h e  launching of t h e  Earth satell i tes).  

rocket  photographs were taken from an a l t i t u d e  of 100-150 kilometers.  Many of 

the  photographs w e r e  designed t o  t race  the rocket ' s  t r a j ec to ry ,  and a r e  there- 

f o r e  very promising; they a l s o  include a p ic tu re  of t h e  horizon. 

of photographs taken f r o m  rockets  a l s o  included experiments i n  the  se l ec t ion  of 

optimum parameters f o r  f u t u r e  space photography from satell i tes.  

of t h e  Viking-12 (1955) revealed t h a t  t he  in f r a red  f i l m  used i n  photographing 

t h e  Ear th  sur face  i s  less a f f ec t ea  by the haze, and i s  p o t e n t i a l l y  s u i t a b l e  f o r  

photography. The p i c tu re s  produced by the ordinary aerophotographic cameras 

(such as K-25) w e r e  b e t t e r  than those taken with a l l  other  cameras used i n  space 

photography. This i s  notsurpr is ing,  inasmuch as space photography is anoiher 

vers ion of a e r i a l  photography. 

A t  least 36 V-2, Viking and Aerobee rocke ts  (refs. 17, 

The 

The program 

Thus t h e  f l i g h t  

The sca l e  of t he  p i c tu re s  taken from t he  rocke ts  ranged from l/3.105 t o  

The ac tua l  resolving power was estimated by t h e  p i c tu re s  of t he  E l  l/3-106. 

Paso area produced by a K-25 aerial photographic camera from t h e  Viking-11 

rocket  on an o r i g i n a l  s ca l e  of 1/106 and magnified 7 t i m e s .  

such d e t a i l s  as streets, railroad l ines ,  canals and o ther  l i n e a r  ob jec ts  not 

wider than 20-30 meters can be iden t i f i ed  on space p i c tu re s  w i t h  a r a t e d  resolu- 

t i o n  of about 200 meters. The following l a r g e  obJects  were  c l e a r l y  v i s i b l e  on 

the  p ic tures :  t he  S i e r r a  Nevada and Rocky Mountain chains, various rock out- 

crops on the  Colorado plateau and lowlands, r i v e r  basins  and f o r e s t s  on mountain 

It was found t h a t  
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Figure  2. 

search  rocke t  AerobeElaunched from t he  White Sands grounds. 

taken on 17 June 1963, from an a l t i t u d e  of 161 k i lometers ;  t h e  camera used an 

i n f r a r e d  f i l m ,  was equipped wi th  f=l5O m,&and had 30' angle  of v i e w .  

n a l  s c a l e  was about  1/106 ( ref .  22) .  

A space photograph of t h e  Rio Grande r iver  area taken from t h e  re- 

The p i c t u r e  w a s  

Ctcirne 577--m, 
TBe o r i g i -  

1, Rio Grande r i v e r  v a l l e y  and c t l l t i va t ed  

f i e l d s  i n  d i f f e r e n t  Zondizions: t h e  a r i d  and harves ted  f i e l d s  are s e e n =  l i g - t e r  

areas, and t h e  dense ly  p l an ted  i r r i g a z e d  f i e l d s  as darker  areas; 2, upper t e r r a c e  

of t h e  r i v e r  a d  i t s  v a l l e y  borders:  3, 5 g h  i n t e r i o r  f l a t  p l a i n s  on a n c i e n t  

a e o l i a n  depos i t s  w;,tk sandy and loam gray-brown s o i l  and brush-covered s teppes  

(of  the Yucca and Bouteoua type) i n  Texas (U.S.); p i c t u r e s  of s l i g h t  cumuli and 

t h e i r  shadows are superimposed; 4, I n t e r i o r  upland on de luv ia l -p ro luv ia l  d e p o s i t s  

w i th  c reoso te  bush deserts (Larrea t r i d e n t a t a ,  Yu.cca and Opurikal s p e c i e s )  i n  

Chihuahua (Mexico); 5, b razchy-ant ic l ina l  e l e v a t i o n s  and r i d g e s  lOO-lLgO neters 

h igh  wi th  c o n t r a s t i n g  i l l umina ted  and dark s lopes  made up of a r g i l l a c e o u s  sand- 

s tone  and marl of t h e  Cretaceous per iod i n  t h e  northwestern S i e r r a  Madre sub- 

ners ion;  6, Piedmont s lop ing  p l a i n s  made up of p r o l u v i a l  t r a i n s  wi th  a c l e a r l y  

v i s i b l e  s t r i a t e d  o u t l i n e  of temporary r iverbeds ;  7, enclosed a r g i l l a c e o u s  depres-  

s ions ,  o r  p layas ;  8, t h e  towns of E l  Paso, Ciudad Juarez  and Is l l ta ;  9, sighways 

and r a i l r o a d  l i n e s .  
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slopes, t he  Rio Grande r iverbed and valley, and the  snow on t h e  mountains and 

e leva t ions  ( f i g .  2 ) .  A comparison of t he  pict .ures produced i n  repeated photo- 

graphy from t h e  rockets  made it possible t o  a sce r t a in  the  phenology of t he  vege- 

t a t i o n  and dynamics of the  snow cover. Following the  launching of the  a r t i f i c i a l  

Earth satellites, the  researchers  na tu ra l ly  focused t h e i r  a t t en t ion  on the  iden- 

t i f i c a t i o n  of t h e  photographs taken from space vehicles .  B u t  t h e  p i c tu re s  taken 

from the rcckete did nst l s s e  t h s i r  hpoi-tance, especialiy i n  connection w i t h  
(in 1963) 

l o c a l  problems. Thus a new series of photographs were taken i n  New Mexico,from 

the*rocket,Aerobee with a view t o  ident i fying t h e  changes, on the b a s i s  of the  

space p i c tu re s ,  t h a t  had occurred i n  t h a t  area i n  the  15 years s ince  it had 

been photographed from the  f irst  Viking rockets .  

The following w e r e  a l s o  photographed from rockets  i n  addi t ion  t o  t h e  White 

Sands reservat ion:  

(Virginia)  and Cape Kennedy (Flor ida) .  

t he  f i r i n g  ranges of For t  Churchill  (Canada), Wallops I s l and  

Some of the rocket  f l i g h t s  produced a 

c l ea r  image of the land surface,  tb cloud cover and f l o a t i n g  i ce .  But  the geo- 

graphic v a l u e  of such p i c tu re s  was not very subs t an t i a l  (refs. 6 and 18). The 

space photographs taken from t h e  Atlas rocket  ( i n  1959), launched from Cape Ken- 

nedy i n  t h e  d i r ec t ion  of the Amazon r i v e r  delta, contained a number of images of 

F lor ida  mrshlands ,  West Indian islands,  and t r o p i c a l  f o r e s t s  i n  B r a z i l .  Suc- 

ces s fu l  p i c t u r e s  of the  subarctic regions w e r e  taken from Aerobee-type rockets  

(1960) launched f r o m  For t  Churchill .  

t e m s ,  t h e  snow and i c e  cover, t h e  geological s t r u c t u r e  of the  Canadian s h i e l d  

Those rockets  photographed t h e  cloud sys- 

and the  lakes ,  forests and t u n d r a s  as they looked i n  the  spr ing  and autumn (ref.  

8 ) .  
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Photographing the  Earth From Spacecraft 

P ic tures  of the  Earth have been taken froni o r b i t a l  spacecraft  s ince 1960 

under t h e  Mercury (U.S.), Vostok and Voskhod (USSR) and Gemini (U.S.) f l i g h t  

programs. 

l i k e  t h e  research rockets,  produced p ic tures  of l imi ted  areas of Florida,  the  

Bahamas and the  At lan t ic  ocean (refs. 6 and 24). 

space s t a t i o n  MA-4 (1961 1 brought t he  first s a t i s f a c t o r y  series of photographs 

of t h e  Earth. T h a t  s t a t i o n  photographed the  s t r i p  from Flor ida t o  Lake Rudolph, 

and produced good p ic tures  of t he  Earth 's  surface between the  Moroccan coast  and 

Lake Chad (refs. 22 and 24). Shown i n  those p ic tures  were southern Morocco, the 
1(06 

Algerian p a r t  of t he  Sahara, southern Libya and the  northern p a r t  of Niger. 

Clear ly  i d e n t i f i a b l e  on the space p ic tures  i s  the  d i s t r ibu t ion  of various rocks, 

t h e i r  dis locat ion,  t he  longi tudinal  and t ransversa l  dunes of the  Big Erg deser ts ,  

t h e  l a r g e  wadis , the  Dra rocky deser t s  (hammaas) , t h e  Melrir solonchak depressions 

(sebhas) , the  A t l a s  f o o t h i l l s  , t he  Ahaggar i s l and  mountains and a number of other 

landscapes ( f i g .  3). 

a r i d  and wooded steppes and savannahs 

p i c tu re s  taken along t h a t  route .  

The suborb i ta l  f l i g h t s  of the MR-1 (1960) , MR-2 and MR-3 (1961) , 

The o r b i t a l  f l i g h t  of the  

The zonal changes of t h e  Sahara dese r t  areas t o  the  Sahel 

can be  i d e n t i f i e d  i n  the  southeastern 

The p ic tures  from Mercury 6, 7, 8 (1962) and 9 (1963) were  taken by the  

as t ronauts  themselves with small (70 mm) manually operated cameras. 

p i c tu re  was produced by the Maurer and Hasselbad camera on a 1/2-106 t o  l/5-1O6 

sca le .  The i n i t i a l  conclusions t o  the  e f f e c t  t h a t  color films would not be 

s u i t a b l e  f o r  space p ic tures  of the  Earth ( ref .  16) w e r e  not j u s t i f i e d .  The 

colored photographs taken from t t e  Mercury and Voskhod spaceships were satis- 

factory,  and only s l i g h t l y  affected by t he  haze and diffused b l u e  l i g h t .  

A very c l e a r  
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Figure 3. 

Mercury-4 spacecraft. 

titude of 163.8 kilometers, with a Maurer camera using an 

Anscochrome color film; each frame measures 70 x 70 

m, angle of view 4 5 O ,  optical axis tilted 72' to the northeast. 

Original scale of foreground 1/22-105 (ref. 28). 

fringe of the Dra hammad (dark gray field crisscrossed by light 

wadis lines) - a rocky desert on limestone and conglomerates 

covered with dark desert varnish and extremely sparce suffruiti- 

cose and lichen vegetation; 2, accumulation-denudation piedmont 

(figure caption carried over to following page) 

A photograph of southwestern Morocco taken from, the 

Taken on September 13, 1961 from an al- 

ma, f=75 

1, Northern 
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pla in  ( Sahara piedmont) made up of contemporary ( l i g h t e r  tones ) 

and ancient (darker tones ) argillaceous-pebbly proluvium w i t h  

herbacesous-suffruiticose subtropical semideserts (Aristida and 

Zizyphus species) ;  3, hinge s t ruc ture  made up of s t r a t i f i e d  

rocks of t h e  Carboniferous period (gray tones with curved band- 

ing);  4, low ( r e l a t i v e  a l t i t ude  200 meters) Jebel  Warkeiz i s  

made up of heavy sandstone of the Carbonirerous period (the 

contrast  of t he  southern and northern slopes i s  v i s i b l e ) .  

5, maritime p la in  on a l luv ia l -de l t a i c  and aeolian deposi ts  with 

bush-covered deserts--Euphorbia, Lycium and Rhus species ( l i g h t -  

gray smooth tone with a dark l i n e  of the Dra wadi bed); 6, a s r i p  

of h i l l s  and r idges a t  the  western and of J e b e l  Bani made up of 

of argi l laceous sandstone of t he  S i lu r i an  period (darkish gray 

tone with prominent f i n e  p a r a l l e l  banding; 7, Intermontane de- 

pression of t he  I f n i  r i v e r  val ley made up of shale and other s o f t  

rocks of t he  Cambrian period with semidesert t h i n  f o r e s t s  (Argania 

spinosa) ; brcchy-an t i c l ina l  arched s t ruc tures  are v i s i b l e  ( e l l i p t i -  

c a l )  patches with t h e i r  axes oriented t o  SW--NE); 8, Archean typhon 

i n  the I f n i  area w i t h  xerophytic wood p lan t s  and brushwood vegeta- 

t i o n  (dark tone);  9, mountain ranges w i t h  coniferous f o r e s t  vege- 

t a t i o n  (Pinus, Jdperus and Cedrus species)  indicated by r idges of 

cumuli; 10, Maritime p l a i n  of the Sus wadi with alluvial-marine 

deposits;  11, low layer  clouds above t h e  sea coming t o  an abrupt 

eoa along the  coast  l i n e ;  12, Cape G i r .  
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About 25 space p ic tures  of t h e  land were taken during t h e  MA-5 f l i g h t ;  land- 

scapes of western Sahara, s t r i p s  of dunes and the  a rea  between the  deser t s  and 

t h e  savannah i n  the  lower p a r t  of t h e  Senegal r i v e r  basin, t h e  r i v e r  drainage 

and Alpine topography of northwestern Mexico, t h e  east and southeast  of the  

U.S. with  a p i c tu re  of the r i v e r  drainage, the  d i s t r ibu t ion  of woodlands and 

forms of land u t i l i z a t i o n .  The pictures  taken during t h e  M-6, MA-7 and MA-8 

f l i g h t s  a l s o  included a small number of l and  areas free of clouds i n  Oceania, 

northwest and w e s t  Africa,  Florida,  northeastern U.S., the  west coast  of Mexico, 

t h e  coas t  of the  Gulf  of Mexico (refs. 6, 24), e t c .  A more successful f l i g h t  

was made by t h e  MA-9 (1963) with astronaut Cooper who took about 30 good pic- 

t u r e s  of North Africa, Arabia, Iraq, India ,  T i b e t  and the  Phizlippines.  

i d e n t i f i a b l e  on those p i c tu re s  are the relief,  geological s t ruc ture ,  g lac ie rs ,  

t h e  snow cover, types of land, t h e  drainage course i n  t h e  d e l t a i c  parts of the  

seas, and many other  features. 

Photography from a r t i f i c i a l  Earth s a t e l l i t e s  

Easi ly  

A r t i f i c i a l  Earth s a t e l l i t e s  can photograph t h e  Earth continuously and 

t ransmit  t he  p ic tures  t o  receiving s t a t ions  by te lev is ion .  

used i n  t h e  Tiros (Television and Infrared 

f o r e  1965) w e r e  launched i n  such a way that every area of t h e  Earth was within 

t h e  viewing f i e l d  of a t  least  one of the satellites (ref. 27). 

coming of t h a t  system wits t h e  equator ia l  d i r ec t ion  of t h e  satellites'  o r b i t s  

which prevented them from covering the e n t m a r e a  of t h e  Earth and l imi ted  

them t o  6 5 O  northern la t i tude  and 6 5 O  southern l a t i t u d e .  

of t he  Tiros systems w e r e  s ens i t i ve  t o  l i g h t  w i t h i n  the  wavelength range of 0.45 

t o  0.8 micron. which corresponds t o  the s e n s i t i v i t y  of panchromatic and i n f r a -  

chromatic photographic films (ref.  11). 

The e ight  satell i tes 

Observation S a t e l l i t e )  program (be- 

The only short-  

The  t e l ev i s ion  rece ivers  

The p ic tures  w e r e  taken from a 650-850 
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kilometer a l t i t u d e  with medium-angle cameras on a very small sca l e  of 1/12-107 t o  

1/24-107 with each frame measuring 6.3 X 6.3 my and with narrow-angle cameras 

on a s c a l e  of 1/7-106 t o  1/20-106 (Tiros I and 11). 

p i c t u r e  of an  area up t o  1,000 km2. 

These frames produce a 

’ _  !€he resolving power of t h e  images was gen- 

I -  e r a l l y  l o w ,  about 3 km, and only the images produced by t h e  narrow-angle cameras 

of Ti ros  I and I1 revealed a resolving power of 0.3 km. The resolving power of 

.LL- - l ^ L I - - ?  
LLX A L ~ L L I Z I  I Was couparaiiie t o  -that of the p ic tu re s  brought t o  Ear th  by t h e  space- 

ships ,  bu t  th i s  was achieved by reducing t h e  surveyed area t o  100 kmz. This 

drawback was so  great, inasmuch as it made photogrammetric bridging d i f f i c u l t ,  

I t h a t  the u s e  of narrow-angle cameras had t o  be  discontinued i n  the  following 
~ 

Tiros satell i tes.  But it is prec ise ly  the p i c tu re s  taken from Tiros with narrow- 

angle cameras tLat are highly valuable for  purposes of geographical i d e n t i f i c a t i o n .  
up!? 

Several  hundred thousand p i c tu re s  w e r e  taken from t h e  Tiros  satell i tes,  but  

only a small number of those photographs (less than 1 percent)  are s u i t a b l e  f o r  

the  s tudy of t he  land surface (ref.  6). 

graphs taken from Tiros  are images of the cloud cover or  the  ocean, and are t o o  

The overwhelming majori ty  of t he  photo- 

oblique and lacking i n  cont ras t ;  t h e i r  transmission t o  Earth w a s  hampered by 

s t a t i c  and interference,  and it is  d i f f i c u l t  t o  key them t o  t h e  appropriate  

t e r r a i n .  Despite t h e  l o w  resolving power, it i s  s t i l l  poss ib le  t o  d i s t ingu i sh  

on the  Tiros-transmitted images the  s t ruc tu re  of t h e  cloud systems, the i c e  

sheet ,  various forms of t h e  macro- and meso-relief, l a r g e  f ea tu res  of t h e  a8 
geological  s t ruc ture ,  c e r t a i n  types of vegetation, the contours of t h e  r i v e r  

drainage, g l ac i e r s ,  l akes  and the snow cover ( f i g .  4 ) .  Such sy ’ s t ems  are parti- 

c u l a r l y  e f f e c t i v e  i n  t h e  study of t he  raDidly changing rhythmic and even catas-  

t rophic  landscape components, such as the movement of air masses (refs. 9 and 131, 

t h e  changing i c e  shee t  (ref.  3l), the dynamics of t h e  snow cover ( ref .  lo), t he  
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Figure  4. 

ad jacen t  t e r r i t o r y  taken  from Ti ros-1  on Yay 21, 1960, - d t h  

a narrow-angle camera (l2.7O) with  a f o c a l  d i s t a n c e  of 40 m; 

t h e  p i c t u r e  frames measure3 6.5 x 6.5 m, t h e  o r i g i n a l  s c a l e  

was 1/17*1C" t o  l/lg-IC5, t r e  d i r e c t i o n  vas c l o s e  t o  =isti- 

c a l ,  and it was t ransni t tec?  t o  Ear th  b y  t ' re a u t o m t i c  te le-  

v i s i o n  t ransmiss ion  system (APT) ( r e f .  22) .  1, Lake Issyk- 

Iyul ' :  

shallow p a r t s  ( b y  even gray t o n e ) ;  2, c o a s t a l  and gent ly-  

sloping food h i l l  zone of stipa-wormwood s t eppes  (and meso- 

phy t i c  leaf-shedding brushwood s teppes  of t h e  xeromorphic 

p l a n t  ty-pe) on pro luvia l  and a l l u v i a l - p r o l u v i a l  l o e s s - l i k e  

Geposits,  muct of it used for d r y  and i r r i g a t i o n  farming up 

t o  2,200-2,3GC-meter a l t i t b d e ;  3, r i v e r  v a l l e y s  on t h e  

( f i g u r e  cap t ion  c a r r i e d  over t o  fo l lowing  page) 

P i c t u r e  of eas t e rn  p a r t  of Lake Issyk-Kul' and 

deep parts (a, over 50 meters, ever! dark  t o n e ) ,  

12 



f o o t h i l l  p l a i n  with meadow-type coas ta l  vegetation ( r i v e r s  

Tyup, Dzhargalan, e t c .  ); 4, deeply inc ised  intermontane con- 

sequent r i v e r  va l leys  of the northern s lopes of the  Terskey- 

Alatau mountain range w i t h  meadow steppes and coniferous 

f o r e s t s  (mostly Tien Shan spruce) t o  an a l t i t u d e  of 2,600 

(3,000) meters; 5, deeply incised intermontane r i v e r  ~ d l -  

l eys  of the  southern slopes of the  Terskey-Alatau mountain 

range w i t h  meadow, stipa-wormwood and brushwood steppes a t  

t h e  same leve ls ;  6, mountain stipa-wormwood steppes and 

cushion p l an t s  (podushechniki) of the  N a r y n  r i v e r  basin up 

t o  3,000-meter a l t i t u d e ;  7, subalpine b e l t  of mountains and 

elevated watersheds with subalpine meadows and t h i n  forests, 

highland steppes and. cushion plants, t a l u s  and base rock 

outcrops up t o  an a l t i t ude  of 3,500-3,700 meters; 8, Alpine 

b e l t  with a lp ine  meadows, a lpine cushion p lan ts ,  snow cover 

(permanent above 4,000-4,bO meters) and small g l ac i e r s  on 

the  Kungey Alatau, Terskey-Alatau, Akshiyrak and Kuilyutau 

mountain ranges; 9, a reas  of continuous (a)  and variable 

( b )  cloudiness.  

outbreak of large-scale  fires (ref. 29) ,  f loods,  e t c .  

f irst  satell i te was launched i n  a subpolar o r b i t  i n  August 1964, is  expected t o  

produce s t i l l  more p r a c t i c a l  r e s u l t s .  The p i c tu re s  from Nimbus are supposed t o  

have a higher resolving power, always v e r t i c a l  and cover t h e  e n t i c e  E a r t h ,  a t  

least i n  the  course of 24 hours (ref. 6) .  A t  n ight  t he  p i c tu re s  are taken by 

infrared rad ia t ion  de tec tors  through t h e  window of atmospheric transmission of 

about 4 microns (ref. 1). 

The Nimbus program, whose 
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The Advantages of Photographing the  Earth from Space 

Pho+,ographi;zg the  Earth f roa space is, i n  e f f ec t ,  superhigh (50 km and 

higher)  and supersmall-scale a e r i a l  photography, and the  development of space 

photography is based on the  use  of the technical  f a c i l i t i e s  and methods of 

aerial p h o t ~ g r a p h y . ~  

formation i n  three d i rec t ions .  

Horizontal  in tegra t ion  

They are all intended t o  provide general  geographic in- 

The main advantage of space photography i s  t h e  wide view of the  t e r r a i n  

and t h e  t e r r i t o r i a l  general izat ion of t he  s t ruc tu re  of t he  na tura l  features. 

A space photograph can cover an area o f  severa l  trousands, t e n s  and even 

hundreds of thousands of square kilometers. On such p i c tu re s  it i s  possible  

t o  t r a c e  the  l a rge  regional  and global s t ruc tures ,  f i n d  the  r e l a t i o n  between 

remote features and study the  zonal pat terns  which are inadequately explained 

not  only by ground observations but also on ordinary aerial photographs. The 

attempts t o  imitzate space p ic tures  (scale  1/106) by a mult iple  reduction of the  

31f i n  previous years aerial photography was confined t o  the  " t rad i t iona l"  s ca l e s  

of 1/104 t o  1/5.104, t he  recent  t rend  has  been toward "multi-scale" photography 

( r e f .  30) .  

graphy, 1/10' and l a rge r  ( t o  1/102) , from hel icopters ,  balloons and mobile 

Under development, on the one hand, is a super large-scale  photo- 

towers r e f l e c t i n g  t h e  forms of individual p l an t  crowns, t h e  s t ruc tu re  of phyto- 

coenoses, e t c .  ( ref .  25). 

super small-scale aerial photography, 1/10' and smaller, from high-flying planes 

and s t ra tosphere  balloons with a view to  reproducing l a rge  s t r u c t u r a l  features 

of t h e  Ear th ' s  surface (refs. 12 and  1 5 ) .  

Experiments are being made, on the  other  hand, i n  
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I .  

mosaic assembly consis t ing of small-scale a e r i a l  photographs ( sca l e  l / 5  *104)were 

not  successful :  the  tor,al differences onthemwere found t o  have been d i s t o r t e d  

by t h e  mul t ip le  reproduction. Furthermore, such an operation would have required 

the  compilation of a colossal  number of accurate  composite photographs which i s  

p r a c t i c a l l y  impossible i n  a number of t e r r i t o r i e s .  

The horizontal  in tegra t ion  on space photographs, i n  addi t ion t o  covering a 

large area ,  a i s 0  f a c i l i t a t e s  their small-scale reproduction. The or ig ina l  s ca l e  

of t h e  p i c tu re s  of t he  Earth taken f r o m  space ranges from 1/3-105 t o  1/2-107. 

On such sca l e s  the  f ea tu res  of the  Earth 's  surface a r e  generalized and c e r t a i n  

d e t a i l s  a r e  eliminated, and we get a n  image of the  l a rge  s t r u c t u r a l  features of 

t h e  E a r t h ' s  surface.  The general izat ion of large-scale  topographic maps by t h e  

u s u a l  cartographic methods f o r  t he  purpose of producing small-scale general  m p s  

involves s o  many s tages  t h a t  t he  l a t t e r ,  as a ru l e ,  l o s e  t h e i r  s p e c i f i c  charac- 

t e r i s t i c s .  T e r r i t o r i a l  generalization, based on the  photographic image, w i l l  

make it poss ib le  t o  ob jec t i fy  t h e  process of compiling small-scale spec ia l  maps 

j u s t  as it is done i n  t h e  compilation of l a rge-sca le  maps of the  basic  a e r i a l  

photographs. 

Ver t ica l  In tegra t ion  

Aer ia l  photography has long been used f o r  t he  purpose of grouping t h e  infor-  

mation on various components of the  l i thosphere,  biosphere and hydrosphere of t he  

landscape by i n t eg ra t ing  t h e i r  images on one a e r i a l  photograph i n t o  a d e f i n i t e  

na tu ra l  complex. 

c l imat ic  sphere components (with the  exception of ce r t a in  microclimatic condi- 

The only drawback of a e r i a l  photography has been t h a t  t h e  

t i o n s )  a r e  l e f t  out of t h e  complex image of t he  landscape on the  a e r i a l  photo- 

graph. The use of space photography makes t h e  complete in t eg ra t ion  of a l l  the  

landscape components--from t h e  geological s t r u c t u r e  t o  t h e  upper l aye r s  of t he  



atmosphere--possible f o r  t h e  f i rs t  time. 

tLie cloud cover (and the accompanj-ing meteorological conditions) and t h e  surface 

has already been i d e n t i f i e d  i n  a number of cases.  A c l e a r l y  defined boundary of 

continuous cloud layer ing  above the sea and cloudless conditions above t h e  con- 

t i n e n t  can be seen along t h e  w e s t  coast of Afr ica  where the  r e l a t i v e l y  cold 

ocean masses of the Canary a n t i t r a d e  wind current  come i n  contact  with the  tro- 

p i c a l  dese r t s  of southern Morocco, as shown i n  figure 3 , for  example. 

extending above the  land, on t h e  other hand, is  confined t o  t h e  A t l a s  mountain 

ranges. The connections between the other landscape components can a l so  be  

t r aced  on the  space photographs: 

and the  topography; t he  arrangement of t h e  f a u l t ,  i n t rus ive  and f o l d  geological 

s t ruc tu res ;  t h e  d i s t r i b u t i o n  of t he  vegetation, forms of land  u t i l i z a t i o n  and the 

s t r u c t u r e  of various landscapes. 

Dynamic In tegra t ion  

The r e l a t i o n  between the s t r u c t u r e  of 

The cumulus 

between the  d i s t r i b u t i o n  of t h e  snow cover 

The presence of permanent o r b i t a l  space s t a t i o n s  makes it poss ib le  t o  ge t  

p i c tu re s  of any i l luminated par t  of the Earth a t  i n t e r v a l s  ranging from severa l  

minutes and hours t o  months and years.  

w i l l  f a c i l i t a t e  t h e  s tudy of t h e  dynamics and rhythm of t h e  na tu ra l  processes 

on vast terri tories.  The repeated p ic tures  taken by the  same photographic pic-  

t u r e s  are highly comparable. The photographs taken from satellites by the  tele- 

v i s ion  method can be used f o r  t h e  study of r ap id ly  changing landscape components 

and ca tas t rophic  phenomena ( t h e  movement of cyclones and f ron t s ,  t he  dynamics of 

t h e  snow cover and i c e  sheet, manifestations of volcanic a c t i v i t y ,  the extent of 

large f o r e s t  f ires,  f loods,  e t c . ) .  

A comparison of repeated photographs 

Photographs re turned  t o  Earth from t h e  rockets  

and spaceships are used i n  t h e  s tudy of t h e  seasonal and perennial  vegetation 

dynamics and t h e  forms of land u t i l i z a t i o n .  
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Some Technical Advantages 

A number of technica l  advantages of space photography over aerial photog- 

raphy should be pointed out .  

reduces the  ac tua l  resolving power of t he  photographs taken from planes f a c i l i -  

tates the production of p i c tu re s  with a high reso lu t ion .  

i n f i n i t e  foca l  length  lenses  (up t o  several  meters) can be i n s t a l l e d  i n  satel- 

l i t e s  inasmuch as t h e i r  dimensions do not i n t e r f e r e  with t h e  motion i n  outer  

space. This would make it possible  to  increase the  ground-surface reso lu t ion  

and take  p ic tures  on 1:5O,OOO sca le  (ref. 19). 

small-scale p ic tures  taken with long f o c a l  length cameras i s  improved by t h e  

more even i l luminat ion of the negative. Taking i n t o  consideration the  la rge  

areas 

able  t o  expect a low cos t  of individual  space photographs even i f  the c o s t  of 

launching i tself  i s  high. Final ly ,  the presence of o r b i t a l  space s t a t i o n s  

t ransmi t t ing  images t o  the  Earth m a k e s  it possible  t o  ge t  the  "freshest"  

p ic ture  of any i l luminated p a r t  o f  the globe not  covered by clouds upon the  

f i r s t  demand of t he  researcher .  Thus i n  t h e  U.S.  they have already es tab l i shed  

a system of shipping the  r o l l s  of f i l m s  o f  the  Earth photographed from TIROS 

t o  the  c l i e n t s  (ref.  6). 

The lack of ex terna l  v ibra t ion  which sharply 

Aerial cameras with 

The qua l i ty  of the  super 

and t h e  frequency of the picture-taking process, it would be reason- 

Conclusions (rrD 
I n  conclusion w e  must dwell on the shortcomings of space photography and 

some of t he  problems involved i n  i t s  development from t h e  viewpoint of geo- 

graphic research. 

To begin with, t he  most se r ious  drawback of space photography a s  a whole 

should be emphasized: not a s ing le  one of the  space vehicles  (with the  excep- 

t i o n  of the  Arct ic  Meteorology Photo Probe Program) w a s  e spec ia l ly  designed t o  



photograph the  Earth 's  surface,  and all pic tures  taken from them were p a r t  of 

an addi t iona l  operation i n  the  f l i g h t  program. This i s  why the  qua l i ty  of t h e  

space photographs of the  Ear th ' s  surface i s  s t i l l  not very high. The qua l i ty  

of the space p ic tures  could be improved by t h e  use of  t he  somewhat modernized 

standard aerial cameras and films currently employed i n  a e r i a l  photography. 

The t r e n d  i n  the  development of space photography i s  toward a ground-surface 

r e so lu t ion  of d e t a i l s  not exceeding 20 meters; t o  produce well-planned photo- 

graphs designed t o  meet t h e  requirements of stereophotograrmnetzric processing; 

t o  ensure a continuous and regular  transmission of images. It would be des i r -  

able  t o  have the  geographic images of t h e  Earth t ransmit ted from the  s a t e l l i t e  

through t e l ev i s ion  channels f o r  a preliminary iden t i f i ca t ion ,  and a l s o  t o  have 

them del ivered  per iodica l ly  t o  the  E a r t h  i n  containers.  

t h a t  the photographic study of the  E a r t h ' s  surface i s  highly complex and spe- 

c i f i c ,  a spec ia l  "geographic" Earth s a t e l l i t e  should be created and i t s  re- 

quired functions out l ined.  

I n  v i e w  of t he  f a c t  

The cha rac t e r i s t i c  feature o f  space photography is  the  rap id  transmission 

of a considerable number of Earth pictures  with a vast  amount of diverse  in-  

formation. 

technica l  devices. 

mat ioo  cannot be adequately u t i l i z e d ,  by t h e  usual visual methods. 

i d e n t i f i c a t i o n  of space photographs requires ,  first of a l l ,  the  development of 

a system of photo keys on a 1/10 

photographic materials, t h a t  could be used f o r  referencing and t h e  o r i g i n a l  

i d e n t i f i c a t i o n  of space photographs. Also, t h e  developrnent of ident i fy ing  

microphotometric devices f a c i l i t a t i n g  a more d e t a i l e d  ana lys i s  of  t he  space 

photographs. 

The recept ion of space photographs involves the  use of complex 

They cannot be ident i f ied  fast enough, and t h e i r  in for -  

The rap id  

4 5 t o  1/2-10 scale ,  based on small-scdle aerial 
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Fina l ly ,  t he  space photographs should be ca re fu l ly  systematized i n  v i e w  o f  

t h e i r  unique cha rac t e r i s t i c s .  

be used immediately after t h e i r  transmission o r  del ivery t o  the  Earth. 

Many of t h e  them are valuable on ly  i f  they can 

W e  

must see t o  it t h a t  space photographs (as well  as aerial p i c tu re s )  are used on 
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